METHODS OF FORMING COATINGS ON GAS-DISPERSION FIXTURES 
IN CHEMICAL-VAPOR-DEPOSITION SYSTEMS 


Technical Field 

5 The present invention concerns methods of making integrated circuits, 

particularly layer-formation methods, such as chemical vapor deposition. 

Background of the Invention 

Integrated circuits, the key components in thousands of electronic and 

10 computer products, are interconnected networks of electrical components fabricated 
on a common foundation, or substrate. Fabricators generally build the circuits layer 
by layer, using techniques, such as deposition, doping, masking, and etching, to 
form thousands and even millions of microscopic resistors, transistors, and other 
electrical components on a silicon substrate, known as a wafer. The components are 

15 then wired, or interconnected, together to define a specific electric circuit, such as a 
computer memory. 

One common technique for forming layers in an integrated circuit is called 
chemical vapor deposition. Chemical vapor deposition, or CVD, generally entails 
placing a substrate in a reaction chamber, introducing one or more gases, known as 

20 precursor gases, into the chamber, and heating the substrate to prescribed 

temperatures. The precursor gases enters the chamber through a gas-dispersion 
fixture, such as a gas ring or a showerhead, one or more centimeters above the 
substrate, and descend toward the heated substrate. The gases react with each other 
and/or the heated substrate, blanketing its surface with a layer of material having a 

25 composition based on the gases. 

Because of demands for smaller and smaller integrated circuits, it has 
become increasingly important that layers, such as those made using chemical vapor 
deposition, have uniform thickness across the substrate. One method of promoting 
uniform thickness in chemical vapor depositions is to coat the gas-dispersion fixture 

30 with a uniform layer of the material before using the fixture in an actual deposition 
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on a substrate. This method is generally known as conditioning. Conventional 
conditioning techniques entail running the CVD chamber through several normal 
deposition cycles (that is, at normal temperatures and pressures) on a test or dummy 
substrate before using it for actual fabrication. 

However, this conventional conditioning technique suffers from at least three 
5 problems. First, this technique produces coatings of poor thickness uniformity 
across gas-dispersion fixtures. In operation, these unevenly coated fixtures disperse 
gas unevenly and produce uneven depositions. Second, for large fabrication plants 
with many ideally identical CVD chambers, the coatings vary significantly from 
fixture to fixture, making it difficult for the CVD chambers to deposit layers of 
10 consistent quality. And third, the conventional technique yields coatings that adhere 
poorly to the gas-dispersion fixtures. Particles from poorly adherent coatings 
sometimes fall from fixtures onto underlying substrates, causing defects in 
integrated circuits. 

Accordingly, there is a need for better ways of coating or conditioning gas- 
15 dispersion fixtures to promote uniform chemical vapor deposition and/or to reduce 
defects in integrated circuits. 

Summary of the Invention 

To address these and other problems, the present inventors devised new 
20 procedures for conditioning gas-dispersion fixtures in chemical- vapor-deposition 
(CVD) chambers. One conditioning procedure, in accord with the invention, entails 
heating at least a portion of a gas-dispersion fixture, such as a showerhead, to a 
temperature greater than its temperature during normal deposition operations and 
then passing one or more gases through the fixture to form a coating on it. 
25 Exemplary methods for raising the fixture temperature beyond its normal level 
include placing the fixture closer to a heated substrate holder than its normal 
operating position and/or introducing high-powered plasma in the vicinity of the 
fixture. 
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Increasing the temperature of the fixture during conditioning promotes 
uniform coating thickness and coating adhesion to the fixture. These in turn 
promote uniform chemical vapor depositions and reduce the likelihood of coating 
particles falling onto underlying substrates and causing integrated-circuit defects. 

Other aspects of the invention include conditioning a gas-dispersion fixture 
5 at a higher-than-normal temperature, reducing the gas-dispersion fixture 

temperature, and then using the gas-dispersion fixture at the reduced temperature to 
form a layer of an integrated circuit. 


Brief Description of the Drawings 

10 Figure 1 is a simplified cross-sectional diagram of an exemplary chemical- 
vapor- deposition system 100; and 
Figure 2 is a flow chart of an exemplary method of an exemplary method of 
operating system 100. 


1 5 Description of the Preferred Embodiments 

The following detailed description, which references and incorporates Figure 
1 and 2, describes and illustrates specific embodiments of the invention. These 
embodiments, offered not to limit but only to exemplify and teach the invention, are 
shown and described in sufficient detail to enable those skilled in the art to practice 

20 the invention. Thus, where appropriate to avoid obscuring the invention, the 
description may omit certain information known to those of skill in the art. 

Figure 1 is a simple sectional diagram of an exemplary chemical-vapor- 
deposition (CVD) system 100. System 100 includes a chamber 110, gas sourcing 
system 120, plasma source 130, and a exhaust system 140. Chamber 1 10 includes a 

25 gas-dispersion fixture (or more generally apparatus) 1 12, a heated substrate holder 
(susceptor) 116. Gas-dispersion fixture 1 12, which includes a dispersion surface 
113 that comprises holes, or apertures, 114, disperses one or more gases from gas 
sources 120 toward a substrate (wafer or integrated-circuit assembly) 150 on 
substrate holder 1 14. (As used herein, the term "substrate" encompasses a 
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semiconductor wafer as well as structures having one or more insulative, 
semi-insulative, conductive, or semiconductive layers and materials. Thus, for 
example, the term embraces silicon-on-insulator, silicon-on-sapphire, and other 
advanced structures.) Plasma source 130 introduces high-frequency electromagnetic 
energy into chamber 1 10 to facilitate reactions within the chamber. 
5 The exemplary embodiment uses a commercial CVD chamber which 

provides a gas-dispersion fixture in the form of a showerhead. However, the 
invention is not limited to any particular chamber geometry or structure or gas- 
dispersion fixture geometry or structure. Indeed, it is believed that the invention is 
applicable to any CVD system having a gas-dispersion fixture. Thus, for example, 

10 other embodiments use horizontal CVD systems, low- and high-pressure CVD 
systems, and hot- and cold-wall CVD systems. 

Figure 2 includes a flow chart 200 that shows two exemplary operating 
modes for system 100. Flow chart 200 includes process blocks 202-216, with 
blocks 202-212 illustrating an exemplary fixture-conditioning mode 200a and 

15 blocks 212-216 illustrating an exemplary normal-deposition mode 200b. 

As block 202 shows, fixture-conditioning operating mode 202a begins with a 
user or wafer-transport system (not shown) placing or mounting a dummy substrate 
150 onto substrate holder 116. Execution of the exemplary operating mode then 
proceeds to block 204. 

20 In block 204, system 100 heats dispersion surface 1 13 to a conditioning 

temperature which is greater than a deposition temperature in normal-deposition 
mode 200b. The exemplary embodiment heats dispersion surface 1 13 to a 
conditioning temperature at least 5-10% greater than that conventionally used for 
deposition of Ti-Al-Cl-N on dispersion surface 113. However, for many other 

25 compositions, the inventor expects that the conditioning temperature to be about 10- 
15% 15-20%, 20-25%, 25-30%, 30-35%, 35-40%, 40-45%, 45-50% greater than the 
normal deposition temperature. It is believed that the teachings of this document 
will enable one of ordinary skill in the art to ascertain, without undue 
experimentation, an effective conditioning temperature or range of such 
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temperatures for any material composition that can be deposited through chemical 
vapor deposition. 

In the exemplary embodiment the desired conditioning temperature is 
established by moving substrate holder 1 16 to a distance less than one centimeter, 
for example 300 mils, from dispersion surface 1 13 and then controlling a heater in 
5 the substrate holder. Figure 1 shows this position as a fixture-conditioning position 
116a. 

Some other embodiments use other methods of heating dispersion surface 
1 13 to a higher-than-normal temperature. For example, some embodiments move 
the dispersion surface closer to the substrate holder, and other embodiments use heat 
10 sources external to substrate holder, such as incandescent lighting or a heater 
internal to or attached to the gas-dispersion fixture. Thus, the invention is not 
limited to any particular method or structure for heating the dispersion surface to the 
conditioning temperature. 

After establishing a desired conditioning temperature, execution proceeds to 
15 block 206, which entails introducing one or more gases to form material layer 115 
on dispersion surface 113. The exemplary embodiment conventionally forms a 
titanium-aluminum-chlorine-nitrogen (Ti-Al-Cl-N) layer. 

Block 208 shows that system 100 also operates plasma source 140 to 
introduce a plasma into chamber 1 10 to further facilitate formation of material layer 
20 115. The exemplary embodiment introduces plasma power in excess of 400 Watts 
to further heat dispersion surface 113, thereby further enhancing properties of the 
resultant layer on the dispersion surface. 

Block 210 entails stopping formation of material layer 115 and removing 
dummy substrate 150. Dummy substrate 150 can be discarded or reused for 
25 reconditioning fixture 1 12 or another fixture using the exemplary method or another 
incorporating teachings of the present invention. 

In block 212, system 100 reduces the temperature of dispersion surface 113. 
In the exemplary embodiment, this entails moving substrate holder 1 16 to normal- 
deposition position 1 16b and/or curtailing or ending the introduction of plasma. 
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Other embodiments reduce the temperature through control of heaters external to 
substrate holder 116. 

Next as block 214 shows, a target substrate is placed or mounted on substrate 
holder 116. The exemplary embodiment places the substrate manually or 
automatically on the substrate holder. For convenience, Figure 1 shows the target 
5 substrate as substrate 150. 

Block 216 entails forming or depositing a material layer 152 on a target 
substrate, such as substrate 150. In the exemplary embodiment, this entails 
introducing one or more gases and/or a plasma to form a Ti-Al-Cl-N layer, which is 
the same composition as that on layer 115 on dispersion surface 113. However, 
1 0 there may be instances where a material layer of different composition than that on 
the gas-dispersion fixture is desirable. 

After completion of this layer, other methods and materials can be used on 
substrate 150 to form a complete integrated circuit, such as a computer processor or 
memory circuit. 

15 

Conclusion 

In furtherance of the art, the inventor has presented new procedures for 
conditioning gas-dispersion fixtures in chemical-vapor-deposition chambers. One 
exemplary procedure, in accord with the invention, entails heating at least a portion 

20 of a gas-dispersion fixture, such as a showerhead, to a temperature greater than its 
temperature during normal deposition operations and then passing one or more 
gases through the fixture to form a coating on it. The high conditioning temperature 
promotes uniform coating thickness and coating adhesion to the fixture. These in 
turn promote uniform chemical vapor depositions and reduce the likelihood of 

25 coating particles falling onto underlying substrates and causing integrated-circuit 
defects. 

The embodiments described above are intended only to illustrate and teach 
one or more ways of practicing or implementing the present invention, not to restrict 
its breadth or scope. The scope of the invention intended to encompass all ways of 
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practicing or implementing the principles of the invention, is defined only by the 
following claims and their equivalents. 
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